Abstract. In this paper, we define a fuzzy version of the quadratic optimization problem and then give a method to solve these problems by using linear ranking functions. The method will be discussed in details.
Introduction
Fuzzy set theory has been applied to many disciplines such as control theory and management sciences, mathematical modeling, operations research and many industrial applications. The concept of fuzzy mathematical programming on general level was first proposed by Tanaka et al. [11] in the framework of the fuzzy decision of Bellman and Zadeh [2] . Afterwards, many authors considered various types of the fuzzy linear programming (FLP) problems and proposed several approaches for solving these problems [4] , [7, 8, 9, 10] . Some authors used the concept of comparison of fuzzy numbers for solving fuzzy linear programming problems. In effect, most convenient methods are based on the concept of comparison of fuzzy numbers by use of ranking functions [4] , [7, 8, 9, 10] . Usually in such methods authors define a crisp model which is equivalent to the FLP problem and then use the optimal solution of the model as the optimal solution of the FLP problem. A review of some common methods for ranking fuzzy subsets of the unit interval can be seen in [3] . Moreover, a review of the literature concerning fuzzy mathematical programming as well as comparison of fuzzy numbers can be seen in Klir and Yuan [6] and also Lai and Hwang [7] . In this paper, we consider a fuzzy version of the quadratic programming problems and then present a method to solve these problems by using linear ranking functions as a convenient tools for ordering fuzzy numbers.
The paper is organized in 5 Sections. In Section 2, we give some necessary notations and definitions of fuzzy set theory and fuzzy arithmetic. Section 3 provides a discussion of fuzzy numbers and linear ranking functions for ordering them. In particular, Yager's linear ranking function for ordering trapezoidal fuzzy numbers is emphasized. We define a fuzzy quadratic programming (FQP) problems in Section 4, and focus on solving theses problems. Moreover, we give a key theorem to state some conditions of the existence of a unique solution. Finally, we conclude in Section 5.
Definitions and Notations
We review the fundamental notions of fuzzy set theory, initiated by Bellman and Zadeh [2] . Definition 2.1. Let X be the universal set.Ã is called a fuzzy set in X ifÃ is a set of ordered pairsÃ
where µÃ(x) is the membership function ofÃ.
Definition 2.2. The λ-level set ofÃ is the set Remark 2.5. We denote the set of all trapezoidal fuzzy numbers by F (R).
We next define arithmetic on trapezoidal fuzzy numbers. Letã = (a
We point out that the arithmetic on trapezoidal fuzzy numbers follow the Extension Principle (see [7] ).
Ranking Functions
An effective approach for ordering the elements of F (R) is to define a ranking function R : F (R) → R which maps each fuzzy number into the real line, where a natural order exists.
We define orders on F (R) by:
whereã andb are in F (R). Also we writeã b if and only ifb ã.
We restrict our attention to linear ranking functions, that is, a ranking function
for anyã andb belonging to F (R) and any k ∈ R (see in [8] ). The following lemma is now immediately in hand. We consider the linear ranking functions on F (R) as:
, and c L , c U , c α , c β are constants, at least one of which is nonzero. A special version of the above linear ranking function was first proposed by Yager [12] (see also [5] ) as follows:
which reduces to
Then, for trapezoidal fuzzy numbersã = (a
Fuzzy Quadratic Programming
A fuzzy quadratic programming (FQP) problem is defined as:
are given and x ∈ (R n is to be determined.
The following theorem, which is an extension of the concepts concerning to the fuzzy arithmetic and linear ranking functions on nonlinear programming with fuzzy numbers, will be useful for solving the FQP problems. The mentioned theorem represent that for solving an FQP problem it is enough to solve an equivalent quadratic programming in crisp environment. So here we deal with on these problems.
It is simple to show the FQP problem has a unique solution if the matrix A is of full rank and the matrix Q is positive definite on the subspace M = {x | Ax = 0}. Now consider the Lagrange necessary conditions for this problem as follows:
These correspond to the general condition Lagrange (see in [1] ), and in this case they comprise an (n + m)−dimensional linear system of equations. A natural question is whether the system is nonsingular. The following Theorem shows that the system is indeed nonsingular under the conditions stated above. Under the assumptions of Theorem 4.2, there are several methods for solving the system (4.3). As a general rules it is most efficient to use factorization methods (such as LU decomposition) that exploit the structure of the solving linear equations can be used. This representation is useful in theoretical developments, although in practice the solution may be calculated by some other method as discussed above.
Conclusions
Using the linear ranking functions is a convenient method for solving fuzzy linear programming problems. In this paper, we defined the fuzzy quadratic programming problems and discussed how can solve FQP problems by using linear ranking functions.
